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Device for measuring viscosity and device for measuring characteristics of fluid 



(57) A viscosity measuring device is equipped with 
a piezo-electric vibrator an oscillator and a loss factor 
monitoring means. The elastic properties of the piezo- 
electric vibrator and the viscous resistance of the fluid 
are controlled so thai the loss facior of the piezo-electric 
vibrator may change largely enough to measure the vis- 
cosity. The characteristics measuring device is 
equipped with a first ceramic plate, a piezo-eiectnc ele- 
ment sandwiched between a pair of electrodes attached 
to one surface of this first ceramic plate, a second ce- 
ramic plate having a hollow therein sintered integrally 
with the first ceramic plate= and a lid disposed so as to 



sandwich the second ceramic plate between the lid and 
the first ceramic plate and so as to face the other surface 
of the first ceramic plate. The amount of a glass compo- 
nent on the other surface of the first ceramic plate is 
regulated to be smaller than that of the glass component 
on the one surface of the first ceramic plate. The device 
for measuring the viscosity of a fluid can easily measure 
the viscosity with a good reproducibility even in the flow- 
ing fluid irrespective of the magnitude ol the viscosity, 
and an element and a device for effectively measuring 
characteristics such as viscosity, concentratioh and 
density of an acidic solution or a basic solution 



FIG. 4 
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Description 

RArt^nRni iND OF THF INVENTION 
5 (i) Field of the Invention 

Of the degree of characteristics such as the viscosity of the fluid. 
Description of the Prior An 

Of such r^easurement r.etr.ods include a ^^^''^^^ 3^3^° troTa f " to be actually measured. ar.d the viscosity 
However, ir. this cap.ary tube me hod. a ^^-J^^ f^^^J^^^^^^^^^^^ J, observe the viscosity of the 

of the sample must be then measurec. Thus .1 is dif cu^ ° particularly in the case of the fluid having thixotropy 

.isc««, in wh.ch a piczo Cccmc v,b,a,o. is u«l,z«, and lo, ''^J^^^^^^ZT.^..^ the .»=osil, in 

^^^:-:z:r:s!i:^:^ = ™r;nr:»,a., - a an. a .an. », 

resonance I.equanc, o' loss ,es,s.anc. a, « J, ^„„,^,, „easuremanl device 

.as ^rr-id :^r:rrpr risers":: P.ede,e™„ed ...^ .....ncv in = ..d, and 

pedance at thisjme is then delected. ^^thnH^ ;^nH devices the techniques described in Japanese 

However, of convenuona, vi.osi,^^^^^^ „ .Section, 

Patent Application Laid-open Nos 31 ;250^; 989 ^^^^^^^^^^ ^ measurement and thus the loss resistance 

because the circle of an admittance =ha 1 1= ^' 'Jf/^^^^^^^^ ^ 3^ that the reproducibility of the loss 

cannot be consistently determined on the basis o, f J^;^^'^' corresponding to frequency in the vicinity of 

resistance tends to become insufficient. Furthermore, ^fj^e detection is not considered 

resonance frequency changes ,n two --[^^ f^^^^^^^^^^^^ is directly brought Into contact 

rth^ir^nirrn^treren^:'^^^^^^^^^^ 

r rh^rr hand, in the viscosity measuring device J-be™ 
U8040/I991.thebimorphvibra,orhasarelative, argea^^^^^^^^^^ ^, ^^^^^.^^ , 

recCo:=^^ 

-^=rr===r^^^ 
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with precision. 

fiUMMARV THE INVENTION 



,„ „iew o, .on,e p,oo,e.s o, seen con,en,ion,i ,ecnn,,„es. 
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researched to solve the above-mentioned problems, and as a result, it has been found that the above-mentioned object 
can be achieved by properly controlling a relation between elastic properties of a piezo-electric element constituting a 
vibrator and characteristics such as the viscosity resistance of a fluid. In consequence, the present invention has been 

completed on the basis of this knowledge. . ^ ■ . .u^ 

Therefore a device for measuring viscosity of the present invention is directed to a device for measuring the 
viscosity of a fluid which comprises a piezo-electric vibrator comprising a piezo-electric element disposed between a 
pair of electrodes, a power source for applying a vibration generating voltage to this piezo-electnc vibrator, and an 
electrical constant observing means for detecting the change of an electrical constant in accordance with the vibration 

of the piezo-electric element, ^ , r. .j u • * n ^ ^« tuot 

The elastic properties of the piezo-electric vibrator and the viscous resistance of the fluid being controlled so that 
any one o( the electrical constants of the piezo-electric element may change largely enough to measure the viscosity 
According to another aspect of the present invention, there can be provided an element for measuring character- 
istics of a fluid which comprises 



15 a first ceramic plate, . . ^ ^ 

a piezo-siectric vibrator comprising a plezo-elsctric element disposed between a pair of electrodes and provided 

on one surface of the first ceramic plate, 

a second ceramic plate having a hollow therein sintered integrally with the first ceramic plate, and 
a lid disposed so as to sandwich the second ceramic ptete between the lid and the first ceramic plate and so as 
20 10 lace ihe olhei surface of the first ceramic plate, ^ , ^ *■ „ . 

the amount of a glass component on the other surface of the first ceramic plate being regulated to be;smaller than 
thai of the glass component on the one surface of the first ceramic plate; and 

a device lor measuring characteristics of a fluid which comprises an element for measuring the characteristics of 
,ne fluid a power source for applying a vibration generating voltage to a piezo-electric vibrator, and an observing 
2S means ioi delecting a vibration change of the piezo-electric element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fiq 1 I. a schematic view illustrating one embodiment of a viscosity measuring device of the present invention. 
Fig 2 ,s"a perspective view illustrating one embodiment of a piezo-electric vibrator for use in the viscosity measuring 
device of the present invention. ■ .j • 

Fig 3 IS an exploded oerspective.view illustrating another embodiment of the viscosity measuring. device of the 

present invention 

Fiq 4 is a secliona' view cut along the line X-X in Fig. 3 • * 

F,g. 5 ts an exploded oerspective view illustrating still another embodiment of the viscosity measuring device of 

the present invention 

Fig 5 IS a sectional view cut along the line Y-Y in Fig. 5. 

Fig 7 IS a characteristic view showing a relation between frequency and a loss factor. 
Fig e is a characteristic view showing a relation between viscosity and the loss factor 
Fiq 9 IS a characteristic view showing the relation between the viscosity and the loss factor 
Fig. 10 is a characteristic view showing a relation between the viscosity and the loss factor in the case that the 
size of through-holes is altered. 

Fiq 11 is a characteristic view showing the relation between the viscosity and the loss factor 
Fiq 1 2 IS a circuit view illustrating one embodiment of a power source for vibrating the vibrator. 
45 Fig" 1 3 IS a characteristic view showing a relation between a sulfuric acid concentration of an aqueous sulfuric 

''"'^'t"!'" isTcnaraaSIitxview showing a relation between the sulfuric acid concentration of the aqueous sulfuric 

'''''Vi^'.l s'ls'^rcn^iacteiisiic view showing a relation between the sulfuric acid concentration of the aqueous sulfuric 

so acid solution and resonance frequency 

Fig. 16 IS an exploded perspective view illustrating still another embodiment of the viscosity measuring device of 

the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

According to a viscosity measuring device of the present invention, a piezo-electric vibrator is vibrated in a fluid, 
and at this time this vibrato, suffers mechanical resistance on the basis of the viscosity of the fluid to change an 
electrical constant of a piezo-electnc element constituting the vibrator, and this change of the electrical constant is 
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Of the above-mentioned electrical constants^ a '^^ ^^'^^^ be preferably used as indexes of 

in accordar,ce with one .axi.u. o-;™ ^^^^^^^^^^^^ vaiue of the reciprocal nur^ber o, a 

the viscosity measurement. Here, the ° substantially equal to that of phase angle, 

tangent of a phase angle, and the change of the loss ^'^^^^'^ J ^^-^ ,|e„rodes attached to the piezo- 

in the viscosity measunng device of J ^vi^ated by the piezoelectric vibrator and 
electric vibrator is covered with a vibrating p^te^ f J 'l^^^^^^.^f vi^^^^^ Thus, can be avoided that the 

is brought into contact with the fluid to carry ou the J, .^se, the elastic properties of the 

^'^1n:Ssu.aceofthevibrat.ngp.ate,i.e.,onthe^^^^^^^ 

tor increasing the flow resistance of the fluid .n f'^f^'^^^^'^^^^'X^^ example, while the elastic prop- 

rstrprsi^ 

such as water, an oil or an alcohol, a solution or a suspension P^t'^.f^^.S a paste, a sludge and the like. 

in the .icin., d a rasonance pomt and examples «' "^^^^^^^^^ „,asunn, device ol me 

^^^t'r:Sr:Sr~ie -easure the e~.^-2:tS^ 
voltage) IS applied in the same^.^^^^^^^^^ 

preferable to measure the f ^'"^^^'/^^f ^^^^^^^ n^t more than the polarization voltage from the viewpoint of 
direction, in this ^-^1;^^^^^^^^^^^^^ than the voltage polarization. . 

detection accuracy, but the bias voltage may °e s ■ ^ , present invention is not 

The viscosity measuring device a factor which has an influence on the vibration 

limited only to the viscosity measurement °' j*^^ J^^'J^J^ ^^^^^^ characteristics of the fluid to be measured can 
o, the piezo-electric ^^"^^^^^ ^^^^ ^h the v on change of the piezo-electric element, 
be measured by connecting these ... ^^3^031,. or density of the solution changes in accord- 

That is to say. for example, if the fluid is a f ''^ ,he piezo-eleciric element changes al 

ance with the change o. the concentraUon oUhe solut^^n^ he v^^^^^^^^^^ 

thistimein the solution, whichpe-mitsthemeasureme^^^^^^^^^ 

n^easurement, density measurement and ^^^^^Taad "^^^^^^ ,nd the viscosity of an aqueous sulfuric 

,,„i.a,en,e,a»io,,»»du^ 
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in the fluid), and they change in connection with the density and the viscosity of the fluid and sound velocity in the fluid. 
And an amplitude of vibration can be represented by A=f {m,r,c) (A is an amplitude of vibration). Thus, the change of 
the characteristics of the fluid can be measured in connection with the change of the vibration of the plezo-electric 
element. 

5 In the present invention, measuring the change of the vibration mode ol the piezo-electric element as the change 

of the electrical constant as described above is more desirable than measuring it as the change of the resonance 
frequency of the piezo-electric element, because the change quantity of the electrical constant is usually larger than 
that of the resonance frequency. However, the technique of measuring the change of the vibration morphology of the 
piezo-electric element as the change of the electrical constant of the piezo-electric element is not limited, and needless 

10 to say. the change of the resonance frequency can be utilized, if problems are not particularly present from the view- 
points of measurement accuracy, durability and the like. 

For example, in the fluid characteristics measuring device having such' a constitution as shown in Figs. 3 and 4 
described hereinafter in which the amount of a glass component on the back surface 20r of a vibrating plate (a first 
ceramic plate) 20 is smaller than on the surface having the piezo-electric element of the vibrating plate 20, the wettability 

75 of the first ceramic plate to the fluid to be measured is good, and so the change of the vibration morphology of the 

pieZO-eleCtnC element uan ut; Uiiiiz.c;u ao mc v^i lai lyc oi un^ it^i i*-^^ ,,^^^^i>\^t,^^y. 

Here, the good wettability means that a backward contact angle is 20' or less, preferably 10' or less. 

Ne>a, reference will be made to members which are used in the device of the present invention, but for convenience, 
the description will be mainly made with reference to the viscosity measuring device. 
20 In the first place, the piezo-electric vibrator will be described. 

This piezo-electric vibrator has suitable elastic properties in connection with the viscous resistance of the fluid 
whose viscosity is measured. Here, "the elastic properties" means a degree of force which is applied to the fluid by 
the vibration of the vibrator in the fluid, and for example, it is concerned with toughness, hardness, thickness and self 
vibration easiness of the piezo-electric element. On the other hand, "the viscous resistance" means a degree of force 
25 which the vibrator suffers from the fluid during the vibration of the vibrator in the fluid, and it is concerned with of the 
viscosity of the fluid. 

With regard to the relation between the elastic properties and the viscous resistance in the viscosity measurement 
regarding the present invention, it is necessary that the elastic properties should be larger than the viscous resistance, 
but this requirement alone is not sufficient. It is further necessary that the elastic properties and the viscous resistance 
30 are related to each other so that the change of the electrical constant of the piezo-electric element by the vibration at 
the time of the viscosity measurement may be advantageously detected. For example, when the loss factor is employed 
as the electrical constant, this relation is such that a ratio of the changed width of the loss factor varies within the range 
of 1 to 500. 

The piezo-electric vibrator which is used in the viscosity measuring device of the present invention is required to 

35 meet the above-mentioned relation . For example, when the viscous resistance of the fluid is large, the elastic properties 
of the piezo-electric vibrator are required to increase, and when the viscous resistance of the fluid is small, the elastic 
properties of the piezo-electric vibrator are required to decrease. For example, in the case that the piezo-electric vibrator 
is in the form of a plate, the elastic properties can be increased by forming the thick, hard and short vibrator, and they 
can be decreased by forming the thin, soft and long vibrator. 

40 In the viscosity measuring device of the present invention, in order to meet the relation between the elastic prop- 

erties and the viscous resistance, a barrier region for increasing the flow resistance of the fluid in accordance with the 
vibration of the piezo-electric vibrator can be additionally provided. Here, "the flow resistance" means a degree of force 
which the fluid suffers owing to a geometric constitution of the barner region, when the fluid moves through the barrier 
region by the vibration of the piezo-electric vibrator 

45 The viscous resistance of the fluid can be apparently increased by providing the barrier region in which the flow 

resistance of the fluid can be increased, and therefore the relation between the elastic properties and the viscous 
resistance can be satisfied without regulating the elastic properties of the piezo-electric vibrator itself. In consequence, 
even for the fluid having the small viscous resistance, the viscosity measurement is typically possible without altering 
the thickness, hardness and the like of the ptezo-electric vibrator. Needless to say, the formation of the barrier region 

so has an influence on the elastic properties of the piezo-electric vibrator (generally, the elastic properties increase) on 
occasion, but the effect of the increased apparent viscous resistance is usually larger 

Next, the piezo-electric vibrator is usually constructed by attaching electrodes on both the surfaces of the plate- 
shaped piezo-electric clement, but no particular restriction is put on the shape of the vibrator For example, rectangle, 
circle or a combination thereof may be acceptable. 

55 This piezo-electric element may be made of any of piezo-electric ceramics, electrostrictive ceramics and ferroe- 

lectric ceramics, and a polarization treatment can be optionally done. The polarization treatment is conducted at a 
temperature ranging from O'C to 100°C in an electric field of 0.5kV/mm - 25kV/mm for 0.1 second or more. However, 
the piezo-electric element may be made of a material other than the ceramics, and for example, polymeric materials 
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Examples of the vibrating plate material having the above-mentioned characteristics include heat-resistant metals 
covered with ceramics such as glass and ceramics themselves, but the vibrating plate is most preferably made of any 
of the ceramics themselves. 

Examples of the ceramics which are usable in this case include stabilized zirconium oxide, aluminum oxide, mag- 
5 nesium oxide, mullite, aluminum nitride, silicon nitride and glass. Of these ceramics, zirconium oxide is preferably used= 
because it can maintain mechanical strength at a high level even when the vibrating plate is thinly formed^ is excellent 
in toughness, and is poor in chemical reaction with the piezo-electric element and the electrodes. 

Here, the above-mentioned "stabilized zirconium oxide" include stabilized zirconfum oxide and partially stabilized 
zirconium oxide. The stabilized zirconium oxide has a crystal structure such as cubic system, and for this reason, phase 
10 transition does not occur. However, the incompletely stabilized zirconium oxide gives rise to the phase transition at 
about 1 0OO^C between monoclinic system and tetragonal system, and at the time of this phase transition, cracks occur 
sometimes. 

The stabilized zirconium oxide contains 1 to 30 mol% of a stabilizer such as calcium oxide, magnesium oxide, 
yttrium oxide, scandium oxide, ytterbium oxide, cerium oxide or an oxide of a rare earth metal, but in order to improve 

15 the mechanical strength of the vibrating plate, it is preferred that yttrium oxide is contained as the stabilizer In this 
case, the content of yttrium oxide is preferably In the range of 1 .5 to 6 mol%= more preferably from 2 to 4 mol% The 
main crystalline phase of stabilized zirconium oxide may be a mixed system of the cubic system and monoclinic system, 
a mixed system of the tetragonal system and monoclinic system, a mixed system of the cubic system, tetragonal system 
and monoclinic system, a mixed system of the tetragonal system and cubic system, or the tetragonal system, but 

20 among these systems, the tetragonal system, or the mixed system of the tetragonal system and cubiq system is de- 
sirable in view of long-term reliability. Moreover, stabilized zirconium oxide can suitably contain a sintering aid such as 
MgO, AI2O3, SiOg or clay. 

The ceramics constituting the vibrating plate contain preferably 0.5 to 5 wt%, more preferably 1 to 3.wt% of silicon 
oxide. The reason why the addition of silicon oxide is preferable is that when the piezo-electric vibrator-js formed by a 

25 heat treatment, an excessive reaction of the vibrating plate with the piezo-electric vibrator can be avoided by silicon 
oxide to obtain good piezo-electric properties. 

In the case that the vibrating plate is made of the ceramics, many cr/stalline particles ought to constitute the 
vibrating plate, but in this case, the average particle diameter of the crystalline particles is preferably in the range of 
0,05 to 2 pm, more preferably from 0.1 to 1 ^m in order to improve the mechanical strength of the vibrating plate. 

30 Next, reference will be made to the fixation of the piezo-electric vibrator or the vibrating plate. 

The piezo-electric vibrator or the vibrating plate to which the piezo-electric vibrator is joined is required to be fixed 
in a vibratory state. Therefore, the piezo-electric vibrator or the vibrating plate is partially fixed, but for example, if the 
piezo-electric vibrator or the vibrating plate has a plate shape, a part of its edge can be fixed on a fixing member. 
Alternatively, it can be fixed by mounting a frame along the entire edge or a region in the vicinity of the edge. In order 

35 to obtain a constitution in which the piezo-electric vibrator is not allowed to contact with the fluid, the piezo-electric 
vibrator is joined to the vibrating plate and the entire edge of the vibrating plate is required to be separated from the 
fluid by the frame or an airtight sealing material. 

In these cases, ceramics are preferable as the material of the fixing member or the frame, and they may be the 
same as or different from the materials 0I the vibrating plate. Typical examples of the preferable ceramics for the fixing 

40 member or the frame are the same as in the vibrating plate, and they include stabilized zirconium oxide, mullite.. alu- 
minum oxide, magnesium oxide, aluminum nitride, silicon nitride and glass. In a viscosity measunng device of the 
present invention. Fig. 16 shows an example of a structure provided with a covered portion. When a vibrator wholly 
immersed in a fluid is used, the structure is not affected by permittivity of the fluid. The covered portion has a frame 
37 and a lid 38, The covered portion is covered so as not to contact with a piezo-electric vibrator. The covering portion 

45 may have any configuration as long as it can cover the piezo-electric vibrator without any influence to vibrations of the 
piezo-electric vibrator. However, the covering portion preferably has a structure having a frame 37 and a lid 38 as 
shown in Fig. 16. The material may be a ceramic such as a glass, a metal, resin(s) and a mixture of any of these 
materials, or a combination thereof. The covering portion may be connected with the vibrating plate by an adhesive. 
If the covering portion is made of ceramic, the covering portion may be connected with the vibrating plate by sintering. 

so Next, the present invention will be described in more detail in accordance with embodiments with reference to 

attached drawings. 

Fig. 1 is a schematic view illustrating one embodiment of a viscosity measuring device of the present invention. 
In this drawing, the viscosity measuring device is equipped with a piezo-electric vibrator 1 , an oscillator 3 which is one 
embodiment of a frequeaey:vatfable.p6w"er-sou/ce3nd aMosV^^^^^ means 5. A signal from this oscillator 

55 3 has a sine wave, and a signal voltage is in the range of 10 mV to 1 V, and frequency is variable in the range of 100 
Hzto 15 f\/IH2. 

Next. Fig. 2 shows one embodiment of a piezo-electric vibrator for use in the viscosity measuring device of the 
present invention This vibrator 1 0 is constituted of a piezo-electric element 1 2 sandwiched between a pair of electrodes 
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U and leads 16 are connected to these electrodes 14, respectively. These leads 16 connect the vibrator 10 to the 
oscillator 3 and the monitoring means 5, respectively, as shown in Fig. 1. 



F^mbodiment 1 
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.- ^ ^r^ee Q nair nf Piectrodes 14 bv the use of a viscosity measuring device 
A signal voltage of 500 mV was apf^.ed across a pa.r ^ J^^^^^^ ,o was immersed in a fluid, 

equipped with a piezo-electric ^'^^^-'^.^ ^'^^^^^^^^ factor D at a resonance frequency 

and frequency sweep was then carried out f cm ^0 ^^^^^ .^e loss factor D .n the vicinity of a 

denotes the loss factor at the resonance point. 
Embodiment 2 

• ♦ ot iOKO^r inr 2 hours On the thus calcined material, a pair of 

r'^Tor prri«a,o, ^ . .i« « ,2 ,.en,m, . 3 ^ >= 1 - 

PVA (polyvinyl alcohol) solution having a viscosity of lOOO to 100,000 cSt and 

of a loss lactor was observed. The ^^''^''^ '^'^^'^l^^^^^ elastic properties o1 a piezo-electric element 

I, is apparent from Fig. 8 that at a viscosity of less than 10000 jfJ'J^^ ^^^^^^^^^^ ^, ^^.^ous PVA solution, 
itself (PZT) constituting the vibrator are too ^^^l^^^o^^^^^^^ '•^^ 

— ih^r;^^^^^^^^^^ - — 

Viscosity of less than 10000 cSt with precision. 
Embodiment 3 

p,e.=n, in«n,ion. andFig 4 is a "^'^^ " ' p Jr ^f Sot,"" s M on.po.h L su«es 

L '..r,ac. o, me vip,a*a p,a,a 20. ^';^JS^,'^:::::rJT£ L o n,o„„o„n5 ™ans a,. 

,,j£v:r4rp«:£^:rarr9iS.o.f^^ 

10 and the vibrating plate 20. surface 20r of the vibrating plate 20, and 

,n this embodiment, one of the inner walls ot the '''''^l^^''^^^^^ base plate 34. The through- 

the other inner walls are the inner periphery of the trame ana h .hor^thrnuah to brinq the fluid into contact 

holes 36 aie lormed so thai the fluid may be into contact with the vibrating 

(Manufacturing Embodiment of the viscosity measunng device and viscosity measurement) 

A Vibrating plate 20 was made o. a zirconia material ,n -^--^^e ^ron":^^^^^^^^^^^^^ 
5/ frame 32 and a base plate 34 were made o, the -^^l^^^^^eT lu^^^^^^^ P'ane surface 

vibrating plate 20, the frame 32 and the f '^^^^^^^^^ vibrating plate 20, the frame 32 and 
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On the surface (the outer surface) of the vibrating plate 20, a Pt paste was screen-printed so that the thickness of 
a calcined film might be 5 urn, dried at 120-C for 10 minutes, and then calcined at 1350»C for 2 hours to form an 
electrode 14 (a lower electrode). On this electrode 14. a plezo-electric film formation paste was screen-pnnted. dried 
5 at 120°C for 10 minutes, and then calcined at ISOO-C for 3 hours to fomi a piezo-electric element 12. Furthermore, 
as in the case of the lower electrode 14, an upper electrode 1 4 was formed on the piezo-electnc element 12, and a 
polarization treatment was then carried out at 23»C at 2.5kV/mm for 10 seconds, thereby obtaining such a viscosity 

measuring device as shown in Fig. 4. , ^ . 

As described above, in this embodiment, the piezo-electric vibrator 10 and the vibrating plate 20 were calcined to 
10 integrally join them, and therefore any organic adhesive was not used. 

Accordingly the viscosity measuring device of this embodiment can be operated at a high temperature, and even 
if the device is used in such a manner that the vibrator 10 is brought into contact with the fluid and even if any kind of 
fluid is used the deterioration of an adhesive does not occur, which means that the viscosity measuring device is 
excellent in durability Since any adhesive which functions as a buffer is not present and the piezo-electric vibrator and 
15 a vibrating portion can be thinly formed, detection accuracy can be heightened. 

Next the viscosity measuring device obtained by the above-mentioned procedure was im.nerseu in an smcone^oi, 
having a viscosity of 10 to 5000 cSt, whereby a hollow 36 was filled with the silicone oil through the through^oles 38. 
Afterward the vibrator 10 was operated to measure loss factors in various oil. The obtained results are shown in Fig. 9. 
It is apparent from Fig. 9 that according to this embodiment, the viscosity can be measured with precision in the 
20 range ol 10 to 1000 cSl. but if the viscosity is in excess of 1000 cSl, the change of the loss factor is smaller i^han thai 
of the viscous resistance of the silicone oil, so that the loss factor D converges substantially to Da and becomes 
constant and so it is difficult to measure the viscosity ol more than 1 000 cSt with precision. This phenomenon is caused 
by a fact that when the viscosity is in excess of 1000 cSt, the elastic properties of the vibrator 10 are weaker than 
mechanical resistance given by the fluid, so that the vibrator cannot vibrate any more regardless of the viscous resist- 
25 anco of the fluid, with the result that the loss factor D becomes substantially constant. 

Embodiment 4 

In the viscosity measuring device prepared in Embodiment 3, the same procedure as in Embodinr.ent 3 was re- 
30 peated except that the diameter of through-holes 38 was altered, thereby obtaining a relation shown in Fig 10 among 
viscosity a loss factor and the diameter oi the through-holes. . 

Fig 10 shows the behavior of a loss factor D in the case that mechanical resistance which a vibrator suffers from 
fluid Changes by altering the diameter of the through-holes 36. Fig. 10 can also be shown as in Fig 11 (refer to Fig, 
9). and It can De understood from Fig. 11 that the viscosity measurement is possible in a wide range by altenng the 
35 diameter ol the through-holes to adjust a flow resistance. 

Embodiment 5 

Figs 5 and 6 show another embodiment of a viscosity measuring device according to the present invention. The 
substantially same members as described above will be represented by the same reference numerals, and their de- 
scripiion will be omitted. -j 

In the viscosity measuring device shown in Figs. 5 and 6. a frame 32 is replaced with a spacer 32 and any th ough- 
holes are not formed through a base plate 34' Thus, this base plate 34' functions as a baffle for the flow of a fluid to 
define a barrier region 36' for increasing the flow resistance of the fluid. , 

Next the size 01 the barrier region 36' was set to 2 mm (length) x 0.7 mm (width) x 0.1 mm (thickness), and the 
Viscosity measurement was tnen carried out in the same manner as in Embodiment 3. As a result, the almost same 
results as in Fig. 9 were obtained. 

Ennbodiment 6 

A viscosity measuring device prepared in Embodiment 3 was immersed in the same silicone oil as used above to 
measure a signal voltage, the displacement of a vibrator lO and a loss factor The obtained results are shown ,n Table 
1 It can bo understood from Table 1 that in this viscosity measuring device, the amplitude of the vibrator ^ tl^osily 
measurement is in the range of 0.0003 to 0.0564 urn anc the amplitude is scarcely inyci^^^.:^^^^^^^^o^. 
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Table 1 



Signal 
Voltaae 

(V) 


D i s 


p 1 a 


cement 


(pm) 


V 


i s 


C O s i t 


y 


10 est 




100 est 


1000 est 


-1 


0.0564 




0.0203 


0 . 0196 


0.9 


0.0504 




0.0180 


0. 0174 


0.8 


0.0429 




0.0157 


0 . 0148 


0.7 


0.0374 




0.0139 


0.0117 


0.6 


0.0310 




0.0113 


0. 0111 


0.5 


0.0259 




0.0094 


0.0093 


0.4 


0.0212 




0.0077 


0.0075 


0.3 


0,0183 




0.0066 


0.0065 


0.2 


0.0117 




0.0042 


0.0040 


0.1 


0.0060 




0.0022 


0. 0020 


0.09 


O.O053 




0.-0019 


0. 0018 


0.08 


0.0049 




0.0017 


0 . 0016 


0.07 


0.0041 




0.0015 


0.0015 


0.06 


0.0039 




0.0014 


0.0013 


0.05 


0.0029 




0.0011 


0.0010 


0.04 


0.0031 




0.0012 


0.0012 


0.03 


0.0021 




0.0008 


0.0007 


0.02 


0.0011 




0.0003 


0.0004 
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Table 1 (Continued) 



LOSS Factor D 

Signal 

voltage viscosi ty 



/ T7 N 
V " / 



10 est 100 est 1000 est 



1 


a 


203 


142 


0.9 


504 


202 


141 


0.8 


580 


200 


139 


0.7 


569 


198 


138 


0.6 


562 


195 


136 


0.5 


585 


188 


130 


0.4 


536 


186 


129 


0.3 


536 


187 


131 


0.2 


539 


186 


129 


0.1 


530 


185 


129 


0.09 


538 


186 


129 


0.08 


529 


184 


128 


0.07 


529 


183 


127 


0.06 


536 


186 


130 


0.05 


545 


187 


130 


0.04 


532 


185 


128 


0.03 


533 


185 


129 


0.02 


532 


184 


129 



Embodiment 7 



Reference will be made to an element and a device lor measuring characteristics of a fluid which have the same 
fundamental structure as in a viscosity measuring device shown in Figs. 3 and 4. 
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10 



15 



20 



25 



30 



35 



«c..,g encodes ,4 « .^^^^^-^^^^ ZZ>. »-.»=e =1 me .wo. 

in the element and the device for measuring the characteris ICS otthe^^^ y 

the vibrating plate (the first ceramic plate) 20. thP fmid the resoective inner walls which define 

stituted element and device are effective to measure "^^^J^f ^hlorracr^^^^^^^ sodium carbonate or 

of a .anerv ii.uid, and so it c^^^;^ re:^ ;r s^on^Lic p.ate, in t.e 

As described above, the vibrating plate (the irst ceramic plat^ a"e Preferably made of the ceramic material, but 
element and the device for measuring the charactenstics ^l ^^'^'jl^^^^^^^ 3 Hquid. because a glass 

,he ceramic material (the sintered material) is ^^'^'J^^^'^^^^^^^^ On the side of the 

component derived from a sintering aid is the adhesive properties of the 

i™po,„, 01 me ..bra.»n 01 me pi«o.e..=tno .iwalo. me mm .„ , .„„„^, 



40 



or fluororesin. 
Embodiment 8 



50 



55 



.,,„.„,,ac,..,,,cs™a,™.e«^^^^^ 
desclbea.in Embod,rr,«nl 3 » hollow 36 0 Fi» 4was mme ' ete,ac,„istk:8 measunng 

r^:^=o^r=ctl^^^^^^^ 

;":.°ppre™ r^fe— L ooncen„a,lo„ o, ,u«o,io acid oan P. p.eolsel, .eaeu.ed In me 0«,. 
centration range of 1 0 to 50%. .^^.^ed above v^iih reference to embodiments, but the scope of the present 

i„.:rr:;=~e^r.~L^.^ ^...^ a„d ..doe possm. 
-'=pr;\:::r3e.„dm.d.,„a,,,»p^^^^^^ 

,«teBnoeoimenuid ^"=' «'f "°"°1^"^ ,„^^^^^^^ 

m,ou9hmo^»eoao Bo .o,,a»,, allorod " ™« »' 
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materials, but this procedure is not limited. For example, the vibrator 10. the vibrating plate 20. the frame 32 and the 
base plate 34 may be separately formed, and they may be then connected to one another In Embodiment 5, the spacer 
32' may be made of a metal, and such a spacer can be properly joined to the vibrating plate 20. for example, by 
metallizing the vibrating plate 20. The piezo-electric vibrator 10 can take a unimorph, a bimorph or a monomorph 

5 structure. . 

As a power source for vibrating the vibrator, there can be used not only a frequency variable power source shown 
in Fig 1 but also a frequency fixing power source in which the frequency of the predetermined vibrator is fixed to a 
value in the vicinity of the frequency corresponding to Db shown in Fig. 7. In addition, as shown in Fig. 12, a power 
source comprising a self-excited oscillation circuit which does not utilize a specific frequency generator can also be 
10 used. Above all. the type for vibrating the vibrator by the self-excited oscillation circuit is particularly preferable, because 
the power source itself can be prepared at a low cost. 

Fig. 12 shows an embodiment of the oscillation circuit utilizing transistors, but In addition to this type of oscillation 
circuit, there can also be used a type suitably utilizing a CMOS inverter a TTL inverter, a comparator or the like. 
As described above, according to the present invention, a relation between the elastic properties of a piezo-electric 
15 element constituting a vibrator and the viscous resistance of a fluid can be suitably controlled, whereby viscosity can 
De measured easiiy anu with a good reproducibility even in a-flowing-fluid. In addition, there can be-provided a viscosity 
measuring device which can successfully measure the viscosity of the fluid irrespective of the degree of the viscosity 
Furthermore, according to the present invention, there can be provided an element and a device for measuring 
characteristics such as viscosity concentration and density of an acidic solution or a basic solution of sulfuric acid, 
20 nitric acid, hydrochloric acid, sodium chloride sodium carbonate or the like. Therefore, the element and the device can 
be utilized to contiol the specific gravity and concentration of a battery liquid, and so they can be effectively used in 
order to monitor the life of a battery 



25 Claims 

1. A device for measuring the viscosity of a fluid which comprises: 

a piezo-electric vibraior comprising a piezo-electric element disposed between a pair of electrodes, 
30 a power source for applying a vibration generating voltage to said piezo-electric vibrator, and 

an electrical constani obse^ing means for detecting the change of an electrical constant in accordance with 
the vibration of the piezo-electnc element, 

wherein the elastic properties of the piezo-electric vibrator and the viscous resistance of the fluid are controlled 
so that any one of the electncai constants of the piezo-electric element may change largely enough to measure 
35 the viscosity. 

2. The device for measuring the viscosity o; a fluid according to Claim l wherein the electrical constant of the piezo- 
electric element is a constant selected from the group consisting of loss factor phase, resistance, reactance, 
conductance, susceptance. inductance and capacitance. 



40 



55 



4. 



The device for measuring the viscosity of a fluid according to Claim 2 wherein the electrical constant of the piezo- 
electric element is the loss factor or the reciprocal number of a tangent of a phase angle, and in measunng the 
viscosity a ratio of the changed width of the loss factor varies within the range of 1 to 500. 

The device for measunng the viscosity ot a fluid according to any one of Claims 1 to 3 wherein the piezo-electric 
vibrator is vibrated substantially without involving amplitude of vibration, in measuring the viscosity 



5. A device (or measuring the viscosity of a fluid which comprises: 



so a piezo-electric vibrator comprising a piezo-electric element disposed between a pair of electrodes, 

a power source for applying a vibration generating voltage to said piezo-electric vibrator and 
a loss factor observing means for detecting the change of the loss factor of said piezo-electric vibrator 



6. 



The device for measuring the viscosity of a fluid according to Claim 5 which is equipped with a vibrating plate 
connected to either of the electrodes the back surface of the vibrating plate being brought into contact with the 
fluid to be subjected to the viscosity measurement. 

The device for measuring the viscosity of a fluid according to Claim 6 wherein a barner region for increasing the 
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„ow resistance of .he fluid in accordance with the vibration of the piezo-electric vibrator is fornned on the back 

surface of the vibrating plate. 

from the hollow. 

9. The device .or measuring the viscosity o, a fluid according to Cairn 8 herein a. .east one inner wall otherthan 
10 the back surface comprises a porous plate. 

10 The device .or measuring the viscosity o. a fluid according to Cairn 8 wherein the holes are .ormed through the 
■ inner wall which faces the back surface of the vibrating plate. 
. 11 The device for r^easur.ng the viscosity o. a fluid according to Claim 7 wherein the barrier region is defined by a 
battle disposed so as to .ace the back surtace o. the vibrating plate. 

12. An element tor measuring characteristics o. a .luid which comprises 

: 'X::::::^Zs^ composing . plezcelectnc element disposed between a pair o. electrodes and pro- 
vided on one surface o. the ^.^^^^^^ ^„,,g,3„y the first ceramic plate, and 

::dX=— 
rrr^arr^^^^^^^^^^^^^ 

smaller than that of the glass component on the one surface of the first ceramic plate. 
A device for measuring characteristics of a fluid which comprises: 

: So'e^e^n^^^^^^^^^^ comprising a p,ezo-e,ec,r,c element disposed between a pair of electrodes and pro- 

smaller than that of the glass component on the one surface of the first ceramic plate. 

. „=.ocih, nf a fluid accordinq to Claim 1 3 wherein the observing means detects an 
The device for measuring the viscosity of a fluia accoroing ,rim.„ance loss factor phase, resistance. 
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FIG. 1 




FIG. 2 
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FIG. 5 




FIG. 6 
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FIG. 9 
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FIG. 11 
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FIG. 13 
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Device for measuring viscosity and device for measuring characteristics of fluid 



(57) A viscosity measuring device is equipped with 
a piezo-electric vibrator ( 1 0) an oscillator (3) and a loss 
factor monitoring means (5) The elastic properties of 
the piezo-electric vibrator (10) and the viscous resist- 
ance of the fluid are controlled so that the loss factor of 
the piezo-electric vibrator (10) may change largely 
enough to measure the viscosity. The characteristics 
measuring device is equipoed with a first ceramic plate 
(20). a piezo-electric element (1 2) sandwiched between 
a pair of electrodes ( 14) attached to one surface of this 
first ceramic plate (20). a second ceramic plate (32) hav- 
ing a hollow therein sintered integrally with the first ce- 



ramic plate, and a lid (34) disposed so as to sandwich 
the second ceramic plate (32) between the lid (34) and 
the first ceramic plate (20) and so as to face the other 
surface of the first ceramic plate. The amount of a glass 
component on the other surface of the first ceramic plate 
is regulated to be smaller than that of the glass compo- 
nent on the one surface of the first ceramic plate. The 
device for measuring the viscosity of a fluid can easily 
measure the viscosity with a good reproducibility even 
in the flowing fluid irrespective of the magnitude of the 
viscosity, and an element and a device for effectively 
measuring characteristics such as viscosity, concentra- 
tion and density of an acidic solution or a basic solution. 
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